A 75-year-old woman with chest discomfort and a continuous murmur was admitted to our hospital. During noninvasive examination, computed tomography angiography showed a coronary artery-pulmonary artery fistula with double giant coronary aneurysms (one was 42 mm × 32 mm × 32 mm, and the other was 25 mm × 20 mm × 17 mm) arising from the proximal part of the left anterior descending (LAD) artery. Stress myocardial scintigraphy showed ischemia at the LAD area. Given her frailty, the heart team, including cardiac surgeons, judged that surgical treatment would be difficult. Thus, endovascular embolization for the abnormal vessels was selected. After coronary angiography, two coronary aneurysms were embolized by 53 coils, and the feeding artery was embolized by two coils and one Amplatzer Vascular Plug 4 . A small pulmonary artery fistula remained after the procedures; thus, additional embolization was performed 3 months after the index procedure. Thereafter, angiography showed no flow into the aneurysms, and her symptoms improved.
C oil embolization is one of the effective treatments for arterial malformations. 1, 2) As a treatment for a coronary artery-pulmonary artery fistula (CPF) with aneurysmal formation, coil embolization is widely performed to prevent rupture and stop shunt flow. [3] [4] [5] [6] [7] However, an endovascular procedure for double giant aneurysms has not been reported. In this study, the successful treatment of a patient with CPFs and double giant aneurysms is reported.
Case Report
A 75-year-old woman with hypertension and dyslipidemia who did not have a previous history of congenital heart disease was admitted to our hospital because of shortness of breath and chest discomfort. A continuous murmur (Levine grade III/VI) was audible at the second left intercostal space. Although she was obese (height 141.5 cm, weight 60.3 kg, BMI 30.1 kg/m 2 ), arterial oxygen saturation was 98%. Furthermore, the physical examination findings did not suggest heart failure. Noninvasive examination including electrocardiogram, chest X-ray, and blood laboratory tests showed no abnormal findings. How-ever, echocardiography showed abnormal blood flow from the coronary artery to the pulmonary artery. Computed tomography (CT) angiography detected a CPF with double giant aneurysms (proximal 42 mm × 32 mm × 32 mm, distal 25 mm × 20 mm × 17 mm) ( Figure 1 ), and stress myocardial perfusion scintigraphy (Adenosine stress, isotope: 99m Tc-tetrofosmin) showed ischemia in the territory of the left anterior descending (LAD) artery ( Figure 2 ). According to CT angiography, the left descending artery had no stricture. From these findings, she was diagnosed with angina pectoris caused by coronary steal due to this CPF. Additionally, heart catheterization was performed, and normal hemodynamics was observed on right heart catheterization. Coronary angiography showed a large CPF with two giant coronary aneurysms and a small CPF but did not show coronary stenosis ( Figure 3 ). According to blood sampling, the left to right shunt ratio was 5.7%. From all these findings, surgical treatment to improve myocardial ischemia and prevent aneurysm rupture was considered. However, because of her frailty, the heart team, including cardiac surgeons, judged that the incidence of postoperative complications might be higher than that of endovascular treatment. Furthermore, the shape and EMBOLIZATION FOR DOUBLE GIANT CORONARY ANEURYSMS size of both CPFs and the aneurysms appeared amenable to endovascular treatment. Therefore, endovascular embolization was selected for the CPFs. Given the strategy for these tortuous arteries with double giant aneurysms, it seemed impossible to embolize both the inlet and outlet arteries of both aneurysms. Thus, the following strategy was planned: 1) devices for coronary intervention will be used, 2) both aneurysms will be embolized by coils, and 3) the inlet artery will be embolized by an embolic disc.
At the time of the procedure, 53 coils were needed: 19 coils were deployed in the distal aneurysm, and 34 coils were deployed in the proximal aneurysm (Table I) .
Considering the tortuosity and small size of the vessel, it was difficult to access the target lesions with short pushable coils. Therefore, floppy and long detachable coils were mostly used. After embolization of the double aneurysms, CPF flow remained. Thus, an Amplatzer Vascular Plug 4 (St. Jude Medical, Saint Paul, MN) was deployed for the proximal feeder artery. Thereafter, CPF flow decreased, but some still remained. Thus, additional coils were used to obtain complete embolization, and two coils were deployed into the feeding artery. Finally, the Tanaka, ET AL feeding artery was completely occluded (Figure 4 ). Owing to fluoroscopic duration and the amount of contrast media, the procedure for the other residual small CPF was performed three months after the index procedure (Table II) . After the deployment of six coils in the residual small aneurysm and two coils in the small residual fistula ( Figure 5 ), all CPFs and aneurysms were completely occluded. Finally, her clinical symptoms, myocardial ischemia detected by stress myocardial perfusion scintigraphy, and continuous heart murmurs disappeared ( Figure 6 ).
Discussion
In this case, successful endovascular embolization was achieved for CPFs with double giant aneurysms. To the best of our knowledge, this is the first case report of successful endovascular embolization for double coronary giant aneurysms. According to a previous report, a giant aneurysm (22 mm × 27 mm) associated with multiple CPFs showed progressive dilation over an observation period of six years. 8) Considering the risk of rupture, treatment for double giant aneurysms should not be delayed. Moreover, even though the shunt rate was small, the present case showed angina symptoms due to CPFs. Given that the proximal position and large-sized vessel diameter of the feeder artery cause coronary steal syndrome and angina symptoms, 9) embolization for CPFs was a reasonable treatment for the improvement of angina symptoms EMBOLIZATION FOR DOUBLE GIANT CORONARY ANEURYSMS Figure 6 . Stress myocardial perfusion scintigraphy imaging after adenosine stress. Isotope: 99m Tc-tetrofosmin. and the prevention of ruptures.
Although several cases of embolization for a coronary aneurysm with coils have been reported, all of these cases had a single aneurysm without a tortuous feeder artery. [3] [4] [5] [6] [7] 10) Considering that the present case had multiple aneurysms, both of them needed to be embolized to avoid rupture and stop the shunt flow causing the coronary steal syndrome. Furthermore, except for the case with pulmonary atresia, 11) the present case had one of the largest CPF in all reports. Considering the size and deliverability of the device, the present study used the Amplatzer Vascular Plug 4 , which is one of the embolic disks for shunt flow and aneurysmal arteries 12) and is widely used for arteriovenous malformations, 13) internal iliac artery aneurysms, 14, 15) arteriovenous fistulas, 16, 17) and portal vein embolization. 18) Regarding a large aneurysm, such as an internal iliac artery aneurysm, the Amplatzer Vascular Plug 4 was used prior to endovascular aneurysm repair. Embolization by Amplatzer Vascular Plug 4 took significantly less time to perform, required less fluoroscopy time, and was less expensive in terms of the cost of the coils or plug alone. 17) Furthermore, the Amplatzer Vascular Plug 4 could be easily recovered if it shifted and could be easily located. Even though 50 coils were used for complete embolization, the use of Amplatzer Vascular Plug 4 could save time and decrease cost compared with the use of embolic coils alone. Therefore, the procedure using the plug alone is one of the therapeutic options for large CPFs. However, shunt flow still remained in the present case after the plug was deployed. Furthermore, another case report showed that recanalization and migration were observed after plug embolization alone for arteriovenous fistulas caused by Osler-Weber-Rendu syndrome. 13) Considering the risk of these complications and the fact that the target aneurysms were unsuitable for stopping outlet flow, the combination procedure using both the plug and coils was a reasonable strategy. On the basis of previous reports and our experience, endovascular treatment for CPFs with giant aneurysms should be recommended as a first-line choice. However, this procedure has several potential problems. First, a vast number of coils were necessary to occlude these large aneurysms. If the target vessel has a very large size or multiple aneurysms, a large number of coils are needed before deploying the plug. Therefore, the indication for this procedure depends on the size and number of aneurysms. Second, the cost of this procedure is very high. In Japan, endovascular treatment for giant coronary aneurysm costs two to three times more than surgical treatment. During the first procedure, it was difficult to deliver inexpensive and simple-shaped coils because of vessel tortuosity and size. Therefore, we need longer, trackable, slender, and detachable coils, which are more expensive than simple-shaped coils. The last problem is that endovascular embolization could not completely prevent recanalization or collateral formation into the aneurysm. As described, some reports have shown recanalized cases after endovascular embolization. In cases of pulmonary arteriovenous malformation, the incidence of recanalization was reported to be 1%-7%. 12) If a large-sized aneurysm caused by CPF is suspected to have a high probability of rupture, surgery might be recommended.
Although there were several problems and no established evidence, we assumed that embolization with coils and a vascular plug might be an effective form of treatment for the present case and might be comparable with surgical treatment or endovascular treatment with coils alone.
Conclusion
The combination of coil embolization and plug embolization may be an effective treatment for CPFs with double giant aneurysms. If either the cost of this procedure or the risk of recanalization is acceptable, it might be a useful treatment, along with surgical treatment.
